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System for cell culture 
Field of the invention 

5 The present invention relates to the field of cell culture. It consists in a Uqui 

culture system, for growing cells in general and plant cells in particular, This cultuj 
system is based on Hie principle of a wave providing agitation, which offers 
convenient mixing, and aeration to flie cell culture contained into a disposable plasti 
bag. Such a large-scale, efficient and disposable culture system can largely redu( 
10 production costs. 

Background of the hiventiou 

Conventional culture systems are generally composed of a rigid container (glai 

15 or stainless steel) having means for aerating and mixing the culture content (air sparge 
impeller). These systems are complex, and usual equipment and support facilitii 
associated wifli aseptic bioptocess are extremely expensive because the large-sca 
production is based on stainless steel vessels, sterilized in situ. More than 60% of ti 
production costs is due to the fixed costs r hi^ capital costs of fermentation equipmer 

20 depreciation, interest and coital expenditure. The ruanmg costs are also high, due i 
low yields and the needs to clean and sterilize Hie bioreactor after each culturing cycle. 

In ttie particular industrial applicatioii of plant cell cultures, different wel 
known culture systems have been used such as stirred tanlc or airlift reactors. Despi 
many efforts to conunercialize plant metabolites, few achieved commercial succes 

25 One reason is the low productivity in spite of the possibflity to obtain higher content ( 
desired compound than in whole plant (rosmaiinic acid, slukonin, etc.), up to 20 % < 
dxy wdght. The main constraint leading to a low productivity remains the low giowi 
rate (below 0.7 day \ min 20h doubled-tfane) compared to bacteria. Using batch cultu 
in industrial fermentor means to operate no more than 10-20 rims per year with pla 

30 ceU cultures in very high cost facilities. It means that the bottleneck for an industri 
production is more an economical one than a biological one. 

To overcome these problems and decrease production costs, new technologii 
recently appeared, based on the use of various disposable plastic bags instead 
35 stainless steel femientor. These new systems using pre-sterile disposable plastic ba; 
are promising because they decrease capital investment since plastic is a low co 
material and moreover fliey eliminate cleaning, sterilization, validation and mahitenani 
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of equipment, whidi is time and cost conBunung. It also allows more flexibiUty in th« 
process, which can be operated by people not sldlled in the art that do not need a lonf 
trainins^eamiag process and/or experience since bags are provided pre-sterile. to 
addition, using a noa-invasive means of agitation aUows to minimize mechanical 
5 complexity and possftiUty of contamination. The aeration in such system is done with 
usual air inlet and bubbling assuming (he aeration/agitation and bulk mixing. A reactor 
can consist of a gas-spai:ged plastic bag liner in a tank with a hea^plate that has 
capabilities for inoculation and media sample removal. Disposable conical plastic bags 
produced by Osmotec are for small-scale use (few liters), using air bubbles fiwr aeration 

10 through an inlet U.S. Pat No. 6,432,698 also describes a disposable bioreactor for 
cultuiing microorganisms or cells, comprising a gas bubbler, generating gas bubbles for 
mixing and providing gases, close to airlift bioreactor except it is herein made in plastic 
materiaL la these inventions, small bubbles can be detrimental to sensitive cells, 
increase foam fimnation and odl to wall adhesion, and/or strip off some usefUl gazes 

IS fiom the culture medium (ethylene &x plant cell ftr example). 

To mJnixDdzo the cells damage and to improve cell growth and productivity, 
different bubble-ftee aerationAnixing systems have been proposed in such disposable 
apparatus. For example, another suggestion is to use gas permeable plastic bags agitated 
with a mechanical system or not a^tated at all ; in U.S. Pat. No. 5.057,429 a gas 

20 • permeable bag is rotated or shaked to diffuse oxygen and nutrients to die animal cells. A 
static gas-permeable bag is also described in U.S. Pat No. 5,225,346. Up to now there is 
no industtial development of such culture systems mostly because on one band there is a 
difficulty to scale-up an external agitation apparatus and on the other hand the problems 
due to insufficient oxygen si^ly to die cells in a static bag containing several liters of 

25 oultqr© medium. Wave Biotech (Singh V, U.S. Pai No. 6,190,913) has developed a 
system using an inflated bag placed on rocldng mechanism that moves the bag inducing 
a wave-like motion to the liquid contained therein. The rocldng mechanism limits the 
size of the tank because such a mechanical agitation needs complex equq)ment to reach 
high volumes of culture because die waves induction mechanism Si^orts the entire 

30 culture chamber. 

The aim of the present invention is to provide an efficient and low cost cell 
• culture system via a disposable ^arstus, whidi is easier to scale \xp than most of 
disposable culture systems aheady described. 
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Summary of the invention 

Th0 present invention relates to a cell culture, apparatus comprising a flexible culture 
chamber, and a wave induction mechanism, wherein the wave induction mechanism 
moves only part of the culture chamber, 
5 It also relates to tlie iise of such an apparatus to cultivate plant cells, animal cells, or 
microorganism. 

Brief description of tbe drawings 
FIO. 1 is a pexspective view of the apparatus. 
1 0 IBIG, 2 is a side view of Ae ^paratus. 

FIG, 3 is schemiatic represatation of waves fonnatlon by moving up and down (he 
wave induction mechanism. 

FIG, 4 shows growtih kinetics of Soya cells cultured in Systan for cell culture, 
Erlenmeyer flask and stirred tank reactor, expressed in g dry weight per litre, 
15 FIG. 5 shows growtb Idnetics of Soya cells cultured in System for cell culture, 
Erlemneyer flask and Stirred tank reactor, expressed in g dry weight per litre. 

Detailed description of the invmtlon 

The present device provides a sinq)Ie system for cultuiing living cells. It consists 

20 of two components : a disposable culture chamb^ and a wave induction mechanism, 

An inexpensive^ flexible and disposable inflated plastic bag preferably 
constitutes the culture chamber. This plastic bag is partially filled with liquid cultivation 
medium and cells, which are mixed and oxygenated owing to a wave movement In this 
way, the surfiace of the medium is continuously renewed and bubble-ftee aeration can 

25 take place fbst is not detrimental for the cells. Moving up and down at least one 
extremity of the plastic bag with a simple mechanism causes flie mduction of the wave 
movement This mecShanism of wave induction consists of a small plate raised 
periodically with a motor or a ram linked to a timer. Such a simple waves induction 
mechanism allows to scale up easily, 

30 As the present mvention is disposable and efficient at large scale, it is a good altanative 
system to decrease production costs in industrial applications. Li addition, such a 
disposable system allows process flexibility and decreases dead time since no cleaning, 
maintenance or validation is required like in traditional stainless steel devices. 
This culture system can be applied for plant cell, animal cell culture or microorganism 

35 ' cultures, with a veiy easy scale-up from smaU bag to large one since llie wave m^ 

mechanism is very simple. The process allows to produce de novo metabolites, 
biotzansfomiatlon, recombinant pxotdns, or to multiply embryogenic plant cell line 
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tJirough batch culture, fedr-batch or continuous culture, as weU as any otixer use tbs 
couldbe obvious for the skilled peison. 

A basic design of (be inventidn is shown in figure 1 (perspective view) and figure 2 
(side view). The bioreaotor is composed of different parts, comprising at least one 
culture chamber (1) made of material, such as, for example, flexible Wooompatibie 
plastic sheets sealed along their edges (2). to create an interior. Since fbe present 
invention is based on the principle of a wave providing agitation, the second essential 
part is the wave induction mechanism (7) which can consist of a plate placed just under 
at least one extremity of the cJulture chamber, for exanqjle, or any other appropriate 
means like a system witch pulls up the extremity of the culture chamber. The wave 
induction mechanism can also consist in a plate that moves up and down the middle 
part, or any other part, of the culture diambCT. 

15 In a piefened embodiment of the present invention, the culture chamber is a bag made 
of flexible polypropjdene fijr its scalable and autodavable properties, so it can be 
sterilized in a small laboratory autoclave or by any otheis means well known in the art. 
However other kinds^f plastic materials are also suitable such as polyethylene among 
otHaexs and oUber kinds of sterilization technique can be used. 

20 

In a preferred embodiment of the invention, flexible biocompatible water proof 
material are h^sealed along their edges (2), for example, with a thermic impulse 
sealer. However other sealing techniques can also be used, in accordance with mefiiods 
well known in the art including, but not limited to, ultrasound or radio wave welding. 

25 Other kinds of plastics that will not require sealing can be manu&ctnred in a diflferait 
manner euch as mold injection for exanqile. 

The bag has preferably a pillow sh^e but other efa^es can be used and the 
dimensions can be varied to suit needs of users, hi the present invention, the bag 
forming the culture chamber may have a square, rectangular, oval, round, or trapezoidal 

30 surface. However, rectangular shapes are preferred for an improved efficiency of the 
method and ^paratus of the invaition. Particularly preferred dimensions of the bag are 
3.20 m length and 0.9 m wi^ for 100 liters of culture or 3 m oflength and 0.3 m of 
widtfi for 25 liters. However, lengdi can go up to 10 m and over, and the present 
invention allows to have fiom 1 liter to several hundred liters, such as 100, 300, SOO, 

35 1000 L or more culture medium. 

hi the preferred embodiment; at least two tubes are connected to the uppw side 
of the culture chamber can ensure oxygen renewal ; the first (3) one provides the air 
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intake (compressed air or otiier gases according to the needs of the culture) and the 
second one vents the exhaust gases (4); These two tubes are equipped, in the most 
prefeired embodiment, with filters to prevent airborne contamination, for example 0.22 
|im filters- An other means to provide oxygen supply and elimination of gases produced 
5 by the culture, consist in providing, on a at least part of the upper surface of the bag, a 
gas permeable membrane. Such membrane must have a permeability to gas and a 
surface sufficient to assure a good oxygenation of the culture. The membrane can for 
example be sealed or welded on the bag. These membranes must prefembly be 
impervious to liquid, water v^or and contaminants. 

1 0 In addition, in the basic design shown in figure 1, at least two oth^ tubes can be 

connected to the culture chamber. One (5) is connected on the si^erior side of the bag, 
to fill the bioreactor with an inoculum suspended in fiesh sterilized culture medium. The 
other one (6) is coimected on the inferior side of the bag to draw samples or to harvest 
the culture. These tubes are preferably made of (but not limited to) autoclavable silicone 

15 with a ratio inner diameter/outer diameter of 8/12 mm but this ratio can of course be 
changed to $uit needs of the operator 

The second essential part of the culture system is the wave in4uction mechanism 
(7). As shown in figure 2, this mechanism is made amongst other things bf a small plate 

20 and placed preferably just under at least one extremity of the culture chamber, but said 
plate can be placed under the middle point of the culture chamber, or under any other 
part of said culture chamber. In a preferred embodiment^ the widdi of the plate is equal 
to the width of the culture chamber and the length of the plate is between 5 and 50%, 
more preferably 8 to 20 % of the length of the culture chamber. Moving up and down 

25 through an angle of r to 90^ preferably 1 to 45% most preferably to 25% the otbII 
plate induces a wave (S) into the liquid culture (9) that provide both mixing and 
oxygenation of the culture. Since the bag is inflatedt it dUows fko wave to propagate 
along tiie culture chamber (10). hi a prefeired embodiment, the height of the culture 
medium is 10 to 30 ^ of the height of the inflated culture chamber. iSurpxisingly when * 

30 the wave arrives at flie opposed extremity (1 1), it returns at the initial pomt (12) without 
brealdng« Then, the mechanism creates an impulse again (13)» To improve fiie return of 
the wave, it is also possible to slightly raise tiie opposed extremity. 
. The small plate of the wave induction mechanism can be raised periodically with a 
motorized arm or with a ram but othw kinds of equipment can be chosen. This 

35 equipment is preferably connected to a timer, in order to choose the more appropriate 
fiequency of wave induction. 
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When a very long culture chamber i$ used for large volume of culture, for example over 
hundred lit^s^ it is also possible to place a wave induction mechanism at each extremity 
of the culture diamber. 

S The present invention is based on the fact that waves induction provides liquid 

culture mixing and bubble-firee aeration. The oxygen transfer is done by difiusion from 
file head$pace air to the liquid culture and provides growth without shear stress. 
This culture system is easy to operate since both culture chamber and the means of 
agitation are simple. Scale up is also easy to achieved &om small volumes to several 
10 hundred liters since the waves induction mechanism don^t support the entire culture 
chamber but have only to raise at least one extremity of the culture chamber. 

Preferably, the culture chamb^ is filled with the cells and culture medium at a filling 
rate of 20 to 80%, most preferably 20 to 40%. 

15 

Examples : 

The fi)llowing examples are illustrative of some of the products and methods of making 
the same falling within the scope of the present invention. It is not to be considered in 
any way limitative of the invention. Changes and modifications can be made with 
20 respect to the invention. That is, the skilled person will recognise many variations in 
these examples to cover a wide range of formulas, ingptedients, processing, and mixtuies 
to rationally adjust the naturally oecuning levels of the compounds of the invention for 
a variety of ^plications. 

25 Example 1: Convarison of growth with Soya cell cnltares 

The ability of the invention to grow Soya cells has been demonstrated using batch 
cultures. This is comparable or better than in Brlemneyer flask or stiired tank bioreactor, 
even at larger scale. 

Tissue culture strains of Glycine max (L) Merr. were initiated fiom different cultivars 
30 on Gamborg et al. medium (1968) supplemented with 20g.L'^ sucrose, 7gX"^ agar 
. (bacto^^agar Difco) and lmg.L'^ 2,4-DiQhlorophenoxyacetic acid. The pH is adjusted to 
5.8 prior autoclaving (30 min at 115^0). One strain (13406, cv. Maple arrow) was 
transferred in liquid medium (same medimn as for tissue cultures wi^ut agar and 
30g.L'^ sucrose) and subcultured in 2S0ml Erlenmeyer flask (SgX"^ fi:esh weight with 
35 lOOmL mediiun) every two weeks, in the same conditions tibian tissue culture collection. 
The Erlenmey^ flasks are placed on an orbital shaker at 100 xpm (shaking diameter 
2Qmm). 
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A 14L stirred tanlc bioreactor ^cw Bnmswick Scientific) with two six flat Blade 
impeUerSi is used with the same medium and conditions of temperature and pH as 
mentioned above. The bioreactor containing 9L of fresh medium is autoclaved 40min at 
115*^0* Fourteen day old Soya cells are filtered from two IL Erl^imeyer flasks (500ml 
5 medium)^ 300g fresh weight was put into IL of fresh medium in a sterile tank with a 
specific output to be connected aseptically to the bioreactor for inoculation. The stirrer 
speed ifi adjusted at lOOxpm. Dissolved oxygen is maintained at 30% by increasing or 
decreasing air flow rate, using a biocontroll^ equipped with a sterilizable oxygen probe 
OEngold), and amass flowmeter 
10 A system for cell culture (as previously described) is filled with 10 L of Soya cells in 
ftiBsh culture medium (30 gfL fresh weight). Temperature of tiie room is regulated at 
25 °C and a wave is generated every 4 seconds (by programming tiie waves induction 
mechanism as mentioned above). 

15 Growth measurements : San:q)les of cultivation bulk are taken at some specific periods 
of growth from fiaslcsi stirred tank bioreactor and system for cell culture and sample 
volume is measured. Cells are then removed from liquid culture via filtration and 
weighted (fresh weight). An aliquot of this biomass is put into a drying room at lOO^C 
during 24 hours and then weighed precisely (dry weight). 

20 

This example shows that the lOL scale system for cell culture seems to provide a gentle 
envirotmaent to the cells, comparable with flasks and better than the stirred tank reactor. 
Cell danoages are limited and mass and gas transfers ate efficient in the operated 
conditions. 

25 

As aheady mentioned above, the present mvention provides numerous advantages, 
which in turn are keys to economic benefits: 

It provides a gentle environment to grow plant cdls 

Scale**upiseasy 
30 It is disposable 

It is easy to operate 
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CLAIMS 

1. Ceil culture apparatus comprising 

- a flexible culture chamber^ and 
5 - a wave induction raecharism, 

whoein tbe wave induction mechaoi^ moves only part of tbe culture chamber. 

2. Cell culture ^paratus according to claim 1, wherein the wave induction system 
moves from 5 to 50%, more preferably form S to 20% of the surface area of the lower 

10 part of file culture chamber. 

3. Cell culture apparatus according to claim 1 or claim 2, wherein the wave induction 
mechanism moves part of the lower part of the culture ch^ber to an an^le of 1 to 90°, 
preferably 1 to 2S^ 

15 

4. Cell cultqre apparatus according to any precedinig claim wherein the culture chamber 
comprises means to circulate the air such as tube or air permeable membrane. 

5. Cell culture apparatus according to any preceding claim wherein the culture chamber 
20 comprises fbom 1 to sev^al hundred litres of culture. 

6. Cell culture apparatus according to any preceding claim wherein the culture chamber 
is a flexible plastic bag. 

25 7. Cell culture apparatus according to any preceding claim wherein the culture chamber 
filling rate is from 10 to 80%, preferably 20-40%. 

8. Use of a cell culture apparatus according to any preceding claims to cultivate plant 
cells, animal cells, or microorganisms. 

30 

9. Use of a cell culture apparatus according to claim 7 wherein cells are producing 
bioiTiass cells, embryogenic plant cells, metabolites, secondary plant metabolites and / 
or recombinant molecules. 

35 
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Abstract 

The present invention provides a novel apparatus to grow cell$ or 
microorganisms where the cultivation chamber is partially filled with liquid cultivation 
medium and cells. Mixing and aeration is achieved by inducing intermittently waves 
from one extremity of the bioreactor to the other. As the design of the invention is very 
simple, it is possible to manufacture it with flexible plastic . nxaterial and use the 
apparatus as a disposable system. Moreover, such a mixing/aeration principle minimizes 
cell damages usually doe to shear stress and small bubbles. Since the waves induction 
mechanism is very simple, it allows easy and efficient scal^up from small scale to a 
larger one. Such a large-scalOi e£Bcient and disposable culture system can largely reduce 
production costs. 
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Fig4: 
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